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Table S1.1. RMSD between two identical structural models of Y 2 (Sn 0.75 Ti 0.25 ) 2 O 7 , optimised from the same starting point using the same parameters, for varying values of geom_energy_tol and elec_energy_tol. When geom_energy_tol was varied elec_energy_tol was fixed at 1 × 10 -5 eV / atom, whilst geom_energy_tol was fixed at 1 × 10 -4 eV / atom when elec_energy_tol was varied. Additionally, two separate sets of calculations were performed for an initial structural model of Y 2 (Sn 0.5 Ti 0.5 ) 2 O 7 (i.e., with 8 Sn and 8 Ti atoms on the 16 B sites). In the first set of S4 calculations, an identical structural model was geometry optimised 20 separate times, using exactly the same parameters with an elec_energy_tol value of 1 × 10 -5 eV per atom. In the second set an elec_energy_tol value of 1 × 10 -9 eV per atom was used.
Subsequently, 89 Y δ iso calc were calculated (converted from σ iso calc as described below), and are shown in Figure S1 .2. As shown in Figure S1 .2a, there is a surprisingly significant variation in the 89 Y δ iso calc calculated for the 20 optimised models when elec_energy_tol = 1 × 10 -5 eV per atom, as shown by the differences between the blue points and the red points (the 16 89 Y δ iso calc for one selected model). In contrast, when elec_energy_tol = 1 × 10 -9 eV per atom identical values of 89 Y δ iso calc are observed for all 20 models (see Figure   S1 .2b) Figure S1.2. Plots of 89 Y δ iso calc as a function of n Sn NNN for a set of 20 identical structural models of Y 2 SnTiO 7 geometry optimised using elec_energy_tol of (a) 1 × 10 -5 and (b) 1 ×
S5
As a result of the above observations, an elec_energy_tol value of 1 × 10 -9 eV per atom and a geom_energy_tol value of 1 × 10 -5 eV per atom were used in all calculations reported in the main text. Table S1 .2 and plotted in Figure S1 .3. From the line of best fit in Figure S1 .3a it can be seen that δ iso calc = -0.6258 σ iso calc + 1736.7942 . (S1.1)
Referencing and scaling
In order to ensure easier comparison to experiment for Ω, the value of Ω calc was also scaled gives σ ref = 2602.49 ppm, and δ iso calc is then given by
(S1.4) Figure S8
S2. Calculation of thermodynamic properties
From the compete set of unique configurations generated by the Site Occupancy Disorder (SOD) program, 10 it is possible to derive thermodynamic parameters using statistical mechanics. The extent of occurrence of one particular configuration in the disordered solid, assuming configurational equilibrium, is described by a Boltzmann-like probability, which is calculated from the energy, E m , of the configuration, and its degeneracy, g m , (i.e., the number of times that the configuration is repeated in the complete configurational space). This is given by
where m = 1, … M (and M is the number of inequivalent configurations), R is the molar gas constant and Z is the partition function, which gives access to configurational free energies and entropies. In this way, it is possible to obtain temperature-dependent configurational thermodynamic functions and the equilibrium degree of disorder. 11 In this work, we consider the full disorder limit, formally T → ∞, where the probability in Eqn.
S2.1 reduces to
In particular, the thermodynamics of mixing is investigated using the sub-regular solid solution model, 12 where the enthalpies are obtained in the full disorder limit as
while the entropy at concentration x is given by the temperature-independent "ideal" 4) and the enthalpy of mixing
is fitted to an asymmetric polynomial, as explained in the main text. The free energy of mixing can then be obtained as Figure 1a of the main text (see Figure   S1 .4 for the numbering scheme). These calculations are, in principle, the same as those shown in previous work, [13] [14] but have been carried out using the parameters described in the Computational Methods section of the main text (i.e., with the version of the code, pseudopotentials, relativistic corrections and convergence criteria used in this work). Figure 5 , however, that these distortions are more significant for Ti-rich systems. When Sn 4+ is substituted into a Ti-rich structure, the more ionic nature of the Ti-O bonds is able to accommodate the larger cation, with subsequent distortions away from the ideal geometry then able to reduce the energy of the system. In contrast, the more covalent nature of Sn-O bonding gives less structural flexibility upon the substitution of the smaller Ti 4+ into a Sn-rich pyrochlore. This is shown in Figure S7 
